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Multiply SI units fig. 1) . Lake Lahontan at this time covered an area of 22,300 km 2 and occupied a volume of 2,020 km 3 • The Lake Lahontan basin consisted of seven topographic subbasins separated by seven sills. Six rivers--the Quinn, the Humboldt, the Walker, the Carson, the Truckee, and the Susan--flowed into the system ( fig. 2 ). Figure 2.--Surface area of Lake Lahontan 14,000 to 12,500 years before present (modified after Mifflin, 1968) .
Beginning about 12,500 years B.P., Lake Lahontan began to decline ( fig. 1 : Black Rock Desert data from Davis [1983] ; Truckee River Delta data from Born [1972] ; tufa data from Benson [1981] ; packrat-midden data from Thompson and others [1985] ). As water levels declined, their altitudes fell below sill altitudes (table 1); locations of these sills are shown in figure 2. Today, five surface-water bodies (Black Rock Playa, Humboldt-Carson Sink, Walker Lake, Pyramid Lake, Honey Lake) exist in four of the seven subbasins ( fig. 2) . The collective surface area of the modern lakes today (1985) totals less than 1,600 km 2 • This area is fourteen times smaller than the surface area existing 14,000 to 12,500 years B.P. The remarkable change in lake surface area, volume, and altitude, that occurred between 12,500 and 11,500 years B.P., has led various workers to speculate on the nature of climate change that occurred during this period of time (Antevs, 1952; Broecker and Orr, 1958; Morrison, 1964; and Benson, 1981) .
To perform calculations of climate change, based in part on surface area and volume change as a function time, the relation of surface area and volume to altitude of age-dated, shoreline-related materials must be quantified.
The purpose and scope of this study is to provide bathymetric parameters (volume and area) for each of the Lahontan subbasins as a function of lake level (altitude above sea level). This information can be used to calculate the change in lake area and volume for individual subbasins, in which datable evidence for shorelines exists. In this way, estimates of climate change can be made for times when Lake Lahontan consisted of two or more bodies of water. To illustrate the usefulness of the bathymetric data, one hypothetical example is described for the changing topology of the Lake Lahontan system as a function of decline in lake level(s) from the 1,330-m highstand.
BATHYMETRIC METHOD
Surface areas of each basin were calculated at 5-m intervals by cutting out the area from a topographic map and weighing the cutout with an electronic balance. The area-to-weight ratio was determinded by weighing a cutout of known area. The volume of layers, each 5 m thick, was calculated by assuming the mean area of a layer was one-half the sum of the bottom and top areas. Bathymetric data calculated in this manner agree within two percent of published planimetric data for lower altitude-based data sets for both Pyramid and Walker Lake basins (Harris, 1970; Rush, 1970) . Present-day sill altitudes were taken from recent topographic maps of the area; estimates of sill altitudes (table 1) probably are accurate within 2 m.
TECTONIC READJUSTMENT OF THE LAHONTAN BASIN
Since the last highstand 12,500 years ago, the Lahontan basin has undergone isostatic rebound as a result of crustal unloading. Measurements of the highest shoreline altitude throughout the Lah9ntan basin (Mifflin and Wheat, 1971) indicate that isostatic rebound and tilting occurred since the highest shorelines were formed. Based on these measurements, sill altitudes corrected for isostatic rebound and tilt were determined and are listed in table 1. The distribution of regional tilting with time since the last high stand of Lake Lahontan is not known, but the evidence is clear that tilting has been occurring since early Lahontan time, and, therefore, may be more evenly distributed over time. The amount of rebound correction has been calculated by subtracting the reentrant-maximum shoreline altitude (the most distant shoreline from the water load) from the measured-maximum shoreline altitude near the sill in question. This calculation yields a near-maximum value for a rise in sill altitude, resulting from isotatic rebound since the time of highest lake level. The regional-tilt correction applied to the Pronto sill has been estimated by considering the difference between northeastern reentrant-maximum shoreline altitudes and altitudes along the western reentrants, a value of about 9 m. All the other sills probably are south of the principal area of northward or northeastward tilting. The isostaticrebound corrections are believed to be accurate to within 2 m.
BATHYMETRY OF LAKE LAHONTAN
The area and volume of each of the seven basins that comprised Lake Lahontan are listed as a function of altitude in tables 2 and 3. Note that the data are tabulated for altitudes in excess of sill altitudes. The bathymetric data are displayed graphically in figures 3 and 4. Note also that bathymetric data and sill altitude are not listed for the minor subbasins ( fig. 2) . The relation of surface area and volume to lake-level altitude in these shallow subbasins is not of climatic importance; however, these subbasins do represent areas of probable salt accumulations, and are, therefore, interesting from an economic standpoint. If we consider the fact that Winnemucca Dry Lake and Pyramid Lakes were joined when lake level exceeded 1,177 m, Walker Lake is unique in its sensitivity to changes in inflow ( fig. 5) . The lake level of Walker Lake is independent of lake levels in the other subbasins, until the altitude of its level exceeds the 1,308-m sill level at Adrian Valley. The Carson Desert and Smoke Creek-Black Rock Desert exhibit the opposite behavior; lake levels in both basins change very gradually as a function of volume changes ( fig. 5 ).
THE EFFECT OF SILL ALTITUDE ON THE TOPOLOGY OF LAKE LAHONTAN
In this section, the influence of sill altitude on the topology of Lake Lahontan is examined. As discussed previously, Lake Lahontan existed as a single body of water, only when lake level exceeded 1,308 m. The effect of sill altitude on lake-surface topology can be isolated from other sources of topological variance (such as changes in precipitation and discharge) by adopting a hypothetical example, in which the imposition of an extremely arid climate caused Lake Lahontan to desiccate. In the hypothetical desiccation example, the 1,330-m high stand was considered the initial condition, and a uniform evaporation rate of 1.0 m yr-1 was arbitrarily imposed upon each subbasin.
A sequence of eight lake-surface topologies, each corresponding to decline of lake level below a particular sill altitude occurs as a result of the hypothetical-desiccation process ( fig. 6 ). Each topology has been associated with the period of time required for lake level to decline to a given sill altitude. For example, 22 years are required for lake level to decline to the 1,208-m altitude of Adrian Valley ( fig. 6b ). At times, Lake Lahontan consists of as many as four separate water bodies ( fig. 6f ). This hypothetical-desiccation example serves to illustrate the point that the volume, surface area, and altitude of each lake in a Lahontan subbasin is a complicated function of basin topology, evaporation rate, and fluid inflow resulting from river discharge, precipitation on the lake surface, and spill to or from adjoining basins. Figure 6 .--Surface-area changes of lakes in Lahontan basin caused by a continuous decline in lake level from a 1,300-meter highstand to a 275-meter desiccation, at a rate of one meter per year.
Change in lake level often has been cited as an indicator of climate change. This concept, however, must be applied with caution to the Lake Lahontan system. When Lake Lahontan consists of a single body of water, changes in its surface level inflict changes in the hydrologic balance (climate) of the entire region drained by the Walker, Carson, Truckee, Susan, Quinn, and Humboldt Rivers. However, when Lake Lahontan consists of more than one surface-water body, changes in the surface altitudes of each water body are a function of changes in the hydrologic balance of a subregional-drainage system. Since climate differs from subregion to subregion, changes in lake level in each basin are not expected to occur at the same time or at the same rate.
SUMMARY AND CONCLUSIONS
The last highstand of Pleistocene Lake Lahontan occurred 14,000 to 12,500 years ago. During that time, Lake Lahontan occupied seven topographic subbasins. When the surface level of Lake Lahontan stood at less than 1,308 m in altitude, Lake Lahontan consisted of more than one lake. Changes in surface altitudes of each lake were a function of changes in the hydrologic balance (climate) occurring in each subregional-drainage system.
In this report, the altitudes of the seven primary sills that separate the subbasins, as well as the area and volume of each subbasin as a function of altitude, have been tabulated. These bathymetric data serve as a partial basis for continuing studies of the paleohydrology and paleoclimate of closed-basin lakes located in the Great Basin of the western United States.
